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(57) Abstract: A fuel cell (100) which provides improved performance during a cold start. Several embodiments are provided to 
enable the controlled introduction of fuel into the cathode (202) of the fuel cell (100) such that oxidation occurs, heat is released and 
the temperature of the fuel cell (100) is raised. Such fuel may be introduced into the cathode (202) directly or may be introduced 
into the anode (204) and allowed to crossover an electrolytic membrane. Alternatively, the fuel may be directed through a special 
conduit (205) which allows oxidation of some of the fuel as it flows through. 
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COLD START AND TEMPERATURE CONTROL 
METHOD AND APPARATUS FOR FUEL CELL SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

s The present invention relates generally to the field of fuel cells and, more spe- 

cifically, to a fuel cell system in which the temperature within the cell may be raised 
and controlled to improve performance in cold environments. 

Background Information 

Fuel cells are devices in which an electrochemical reaction is used to generate 
10 electricity. A variety of materials may be suitable for use as a fuel, depending upon the 
materials chosen for the components of the cell. Organic materials, such as methanol 
or formaldehyde, are attractive choices for fuels due to their high specific energies. 

Fuel cell systems may be divided into "reformer based" (i.e., those in which the 
fuel is processed in some fashion before it is introduced into the cell) or "direct oxida- 
15 tion" in which the fuel is fed directly into the cell without intemal processing. Most 
currently available fuel cells are of the refomier-based type, and their fuel processing 
requirement limits their application to relatively large applications relative to direct 
oxidation systems. 

An example of a direct oxidation system is the direct methanol fuel cell system 
20 or DMFC. In a DMFC, the electrochemical reaction at the anode is a conversion of 
methanol and water to CO2, H** and e'. More specifically, a carbonaceous ftiel (typi- 
cally methanol in an aqueous solution) is applied to a protonically-conductive, elec- 
tronically non-conductive membrane in the presence of a catalyst to enable direct ano- 
dic oxidation of the carbonaceous fuel at the anode. Upon contact with the catalyst, 
25 hydrogen atoms from the fuel are separated from the other components of the fuel 
molecule. Upon closing of a circuit connecting the anode to the cathode through an ex- 
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temal load the protons and electrons from the hydrogen are separated, the resulting 
protons pass through the membrane electrolyte, and the electrons travel through an ex- 
ternal load. The protons and electrons combine on the cathode, with oxygen supplied 
to the cathode, generating water at the cathode. The carbon component of the fuel is 
5 converted into CO2 at the anode, thus generating additional protons and electrons. 

Present membrane electrolytes are permeable to methanol and water. Conse- 
quently, methanol may pass through the membrane electrolyte to the cathode side with- 
out generating electricity. This phenomenon, commonly referred to as "methanol 
crossover," reduces the efficiency of the DFMC, and generates heat as a result of the 
10 oxidation of the "crossed-over" methanol at the cathode side of the cell. Presently, 

methanol crossover is reduced by diluting the methanol with water, and using a metha- 
nol solution of approximately 3% methanol as fuel for a DMFC. 

During optimal steady state operation, DMFCs operate at temperatures that are 
generally higher than ambient air temperatures, with most operating between 30° and 

15 80°C, depending on the application for which the DMFC is providing power. The per- 
formance of the DMFC (and therefore the DMFC power system) is related to the tem- 
perature of the DMFC. Thus, when a DMFC has been inactive for an extended period 
of time or is required to operate in a cold ambient environment, the DMFC will typi- 
cally not perform optimally until the cell is warmed up by heat that is generated during 

20 operation. This is particularly problematic in applications such as consumer electronic 
devices because such devices may be used in cold environments or are "off for sub- 
stantial time periods, during which time the DMFC may cool below an optimal operat- 
ing temperature. It is therefore desirable to develop a system that allows a DMFC to 
ramp up to full operating temperature quickly to allow for generation of desired elec- 

25 tricity as quickly as possible. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus and method for increasing the tem- 
perature of a fuel cell, such as a DMFC, and maintaining it at an optimal level by di- 
recting fuel to the cathode in order to cause heat-producing oxidation. By increasing 
30 the temperature in the fuel cell, "cold start" performance of the fuel cell is improved. 
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In a preferred embodiment, fuel is supplied directly to the cathode side of the fuel cell 
through a bypass fuel assembly, rapidly generating heat within the cell. The bypass 
fuel assembly includes a temperature sensor, a controller and a bypass valve. The sen- 
sor detects the temperature within the cell and sends a signal indicative of the tempera- 
5 ture to the controller. In response to the signal jfrom the temperature sensor, the con- 
troller determines whether to direct fuel to tiie cathode via the bypass valve in order to 
raise the cell's temperature. Alternatively, electrical or other characteristics of the fuel 
cell can be used to direct flow of methanol to the cathode, and eliminate the need for a 
temperature sensor in the fuel cell. 

10 In accordance with a first altemative embodiment of the invention, additional 

fuel beyond that needed to operate the fuel cell is applied to the anode. The increased 
concentration of fuel in the anode accelerates crossover of fuel through the membrane 
electrolyte, thereby increasing the amount of fuel present in tiie cathode and, in turn, 
the amount of heat generated by oxidation. 

15 In accordance with a second altemative embodiment of the invention, a conduit 

is provided between a fuel source and the anode or cathode of the DMFC. The sidewall 
of the conduit includes an assembly which may admit air from outside the conduit and 
a catalyst over which the fuel passes. As the fuel flows through the conduit, the cata- 
lyst causes oxidation of some of the fuel, thus generating heat which is carried into the 

20 anode or cathode or both to raise the temperature of the DMFC and the DMFC power 
system. By expanding the conduit into a series of branches, at least some of which in- ' 
elude the catalytic assembly, and arranging a number of valves among the branches, the 
amotmt of heat generated may be more precisely controlled. Altematively, a single 
branching conduit can be eqtdpped witihi a metering valve that controls the flow through 

25 the conduit and thereby regulates the temperature of the DMFC. 

In accordance with another aspect of the invention, the flow of fuel which is 
being used to raise the temperature of the DMFC is controlled with a control valve that 
is either electrically or thermally actuated. In the thermally actuated version, a valve 
may be constructed of two materials having different coefficients of expansion. When 
30 the temperature is relatively cold, the valve is open and allows fuel to flow to the 

DMFC, which eventually raises the temperature. As the temperature rises svifficiently 
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high, the valve closes and cuts off the flow of fuel. As a result, the DMFC's tempera- 
ture is well regulated without the need for a temperature sensor^ controller or bypass 
valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention description below refers to the accompanying drawings, of 

which: 

Fig. 1 is a block diagram of a direct methanol fiiel cell known in the prior art; 
Fig. 2 is a block diagram of a direct methanol fuel cell power system known in 
the prior art; 

10 Fig. 3 is a block diagram of a direct methanol fuel cell power system con- 

structed in accordance with a preferred embodiment of the present invention; 

Fig. 4 is a block diagram of a direct methanol fiiel cell power system con- 
structed in accordance with a first alternative embodiment of the present invention; 

Fig. 5 is a block diagram of the bypass fuel assembly of Figs. 3 and 4; 
15 Fig. 6 is a block diagram of a conduit used in a second alternative embodiment 

of the present invention; 

Fig. 7A is a block diagram of a conduit branching arrangement for use in the 
embodiment of Fig. 6 in the present invention; 

Fig. 7B is a block diagram of a closed end conduit which incorporates the oxi- 
20 dation pack of Fig. 6; 

Figs. 8 A and 8B are cross-sectional schematic views of a valve or conduit of a 
third alternative embodiment of the present invention; and 

Fig. 9 is a flow chart of a method for controlling temperature in a direct metha- 
nol fuel cell. 

25 DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

Figure 1 shows a schematic diagram of a direct methanol fuel cell (DMFC) 100 
known in the prior art in which a housing 101 encloses a cathode 102, a membrane 
electrolyte 103, and an anode 104. A load 105 is connected across cathode 102 and an- 
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ode 104. Methanol or a methanol/water solution are introduced into the anode 104 side 
of housing 101 while oxygen is introduced into the cathode 102 side of the housing 
101 . The source of the oxygen is preferably ambient air, but other sources could be 
used. As a result of the reactions at the anode 104 and cathode 102, electrons flow 
5 through wires from anode 104 through load 105 to cathode 102, while hydrogen ions 
flow from anode 104 through membrane 103 to cathode 102, So long as the reactions 
continue and the circuit is closed, a current is maintained through load 105. 

DMFC 100 may be constructed from a variety of commercially available mate- 
rials using proton conducting membranes (such as Nafion®, available from E.L DuPont 
10 de Nemovirs and Company) and catalysts such as a Platinum/Ruthenium mixture (avail- 
able from Johnson Matthey, PLC and other specialty companies) or acid-filled porous 
separators. The remaining components of DMFC 100 can be constructed using existing 
fabrication techniques and readily available materials. 

Referring to Fig. 2, a direct methanol ftiel cell (DMFC) power system 200 wilh 
15 which the temperature control system of the present invention may be used, is illus- 
trated. Fuel from a ftiel delivery assembly 201 is supplied directly to a pump 202 or, 
alternatively, may be supplied to a reservoir (not shown) positioned upstream from the 
pump. Pump 202 is supplied with or draws liquid from anode effluent, through a gas 
separator 203, and from cathode effluent through a second gas separator 204, pumping 
20 the ftiel solution to anode of DMFC 100 via conduit 205. Gas separators 203 and 204 
may be based on a C02 permeable/water impermeable membrane, or a variety of other 
techniques known in the art. The present invention is not dependent upon the presence 
of gas separators and may be used with ftiel cell systems which do not include such 
separators. 

25 Gas separator 203 receives effluent from anode 104 and separates it into liquid 

(z.e., unreacted methanol or methanol and water) and carbon dioxide gas which is 
vented to the external environment. The liquid component is retumed to pimip 202 for 
recirculation to DMFC 100. The gas component may, alternatively, be retumed to 
pimip 202 and used to drive the pump in accordance with the teachings of commonly- 

30 owned U.S. patent application Serial No. 09/717,754. Pxmip 202 may be designed so as 
to control the proportions of flow of each of the water, neat methanol, and fiiel solution 
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input streams. Referring to Fig. 3, DMFC power system 200 of Fig. 2 is illustrated with 
the addition of a bypass fuel assembly (BFA) 301. Bypass fuel assembly 301 operates 
to supply fuel to the cathode 102 of DMFC 100 through a conduit 302. Such fuel reacts 
with oxygen (from ambient air or other source) normally present in cathode 102, oxi- 
5 dizes and generates heat which raises the temperature of DMFC 100. It is preferred 
that bypass fuel assembly 301 supply "neat" fuel that has not been circulated through 
the system as neat fiiel is more highly concentrated and thus generates heat at a faster 
rate upon oxidation. If desired, a fuel source other than fuel delivery assembly 201 (not 
shown) may be used to provide fiiel to BFA 301 . It should be understood that the fuel 
10 delivery system may include an intemal fuel tank, an extemal fuel cartridge or a com- 
bination of intemal and extemal sources. 

Fig. 4 shows an altemative embodiment of the present invention in which 
DMFC power system 300 of Fig. 3 is modified by the omission of conduit 302 and the 
addition of conduit 401 . In this embodiment, conduit 401 supplies fuel from BFA 301 

15 to anode 104 of DMFC 100. Fuel supplied via conduit 401 effectively increases the 
concentration of fuel at anode 104, thereby increasing methanol crossover through 
membrane 103. Altematively, BFA 301 may be used to increase the flow of fuel pump 
202, thereby increasing the concentration of fuel in conduit 205 and, in turn, the con- 
centration of fuel at anode 104. The higher fuel concentration results in increased 

20 methanol crossover, causing additional methanol to oxidize at cathode 102, thus in- 
creasing the temperature of the DMFC 100 and the DMFC power system 200. Such 
crossover results in increased methanol in the cathode 102 side of DMFC 100 that oxi- 
dizes and produces heat. System 400 increases the temperature in DMFC 100 at a 
slower rate than system 300. It will be understood by those skilled in the art that it may 

25 be advantageous to construct a system that combines systems 300 and 400. Such a 

combined system, if used appropriately, would provide both fast heating, as required to 
raise the temperature of a DMFC to optimal operating temperatures quickly, as well as 
ejBfective control of the temperature of the DMFC during continuous operation. 

Referring to Fig. 5, a preferred embodiment of bypass fuel assembly 301 is 
30 shown in block diagram form. A controller 501 is coupled to a temperature sensor 502 
and a valve 503. Temperature sensor 502 senses the temperature in DMFC 100 or 
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DMFC power system 200 and sends a signal indicative of same to controller 501. 
Based on the sensed temperature, controller 501 opens or closes valve 503 to direct 
more or less methanol to DMFC 100, thus raising or lowering the temperature as ap- 
propriate. 

5 Temperature sensor 502 may be implemented using any of a variety of com- 

mercially available direct temperature measurement devices, such as a thermocouple. 
Altematively, an indirect method of temperature measurement may be used, including, 
but not limited to measuring the voltage or current produced by DMFC 100. This is 
possible because it is known that the operating temperature of DMFC 100 is closely 

10 related to its power output. Thus, by measuring the voltage at a given current or current 
at a given voltage produced by DMFC 100, the temperature may be calculated or ob- 
tained by reference to a lookup table based on the power/temperature relationship. 
Other relationships exist that may be used to indirectly measure the temperature of the 
DMFC, including, for example only, the generation of carbon dioxide and water over 

15 given periods of time. 

Fig. 6 shows an alternative embodiment of the present invention in which a 
conduit assembly 600 is used to generate heat to raise the temperature of DMFC power 
system 200 or 300. The structure of conduit assembly 600 may be used to implement 
conduit 205 (Fig. 2), conduit 302 (Fig. 3), other conduits within or attached to a DMFC, 

20 a separate conduit which is exclusively dedicated to the function of heat generation, or 
a combination of the foregoing. An oxidation pack 601 is integrated into a conduit wall 
604. It shoiild be imderstood that more than one oxidation pack could be integrated 
within conduit wall 604. Oxidation pack 601 includes an air permeable membrane 602 
and a catalyst/supporting material 603. Catalyst/supporting material 603 is exposed to 

25 the interior of condmt assembly 600 such that when neat methanol or aqueous methanol 
solution passes over it heat-producing oxidation takes place. Air to support the oxida- 
tion is made available by a membrane 601 that is gas permeable but impermeable to 
neat methanol, water, or aqueous methanol solution. 

In order to control the amount of heat generated by conduit assembly 600, some 
30 arrangement for controlling the flow of methanol through the conduit is needed. Fig. 
7A shows one such arrangement in block diagram form. A series of oxidation packs 



wo 02/071520 



PCT/US02/04161 



- 8 - 

601a-601f are disposed on a series of conduit branches 701a-701f. Valves 503a-501f 
provide the ability to shut off particular branches 701 if less heat is needed. For exam- 
ple, if controller 501 (Fig. 5) receives a higher temperature reading from sensor 502 
{Le,, less heat is needed), then controller 501 may close valve 503b and cut off oxida- 

5 tion pack 601c Similarly, closing valve 503a effectively cuts off oxidation packs 601a, 
601c and 60 Id as a group. In this fashion, the amount of heat generated may be rapidly 
or slowly increased or decreased as appropriate. Alternatively, the flow of air over oxi- 
dation packs 601, rather than the flow of methanol vsdthin the conduit, could be regu- 
lated to control the rate of oxidation. Such air regulation could be accomplished 

10 through incorporating a series of valves, seals or other devices or assemblies known to 
those skilled in the art. 

Fig. 7B shows a closed end conduit 700 vv^hich uses three oxidation packs 60 Ig- 
601i to form an oxidation plentim 702. A valve 701 controls the flow of fuel into ple- 
num 702. Closed end conduit 700 may be substituted for conduit assemblies 600c-600f 
15 in Fig. 7A. 

Referring to Figs. 8A and SB, an altemative embodiment of the present inven- 
tion is shown. A valve 803 is constructed of two different materials. A base material 
802 preferably has a low thermal expansion coefficient such that temperature changes 
have little or no effect on its shape or volume. Some examples of such material are 
silicon or chemically inert plastics. An expansion material 801 preferably has a rela- 
tively high thermal expansion coefficient such that an increase in temperature causes an 
increase in volume of the expansion material 801 . Some examples of such material in- 
clude chemically inert but thermally responsive plastics. 

Fig. 8 A shows valve 803 when the temperature is sufficiently low that the valve 
is open. That is, the volume of expansion material 801 is small enough that neat 
methanol or aqueous methanol solution can pass through a space between materials 801 
and 802. When the temperature rises sufficiently, as illustrated in Fig. 8B, material 801 
expands and closes the space, thus limiting the volume of fuel solution flowing through 
valve 803 to DMFC power system 200 or 300. By selecting materials 801 and 802 
with appropriate thermal expansion coefficients, valve 803 may regulate the flow of 
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fuel, and thus functionally replace controller 501 , temperature sensor 502 and valve 
503. 

Referring now to Figs. 5 and 9, a method of controlling DMFC temperature, 
which method is preferably implemented through appropriate programming of control- 

5 ler 501, is described. At step 901, controller 501 receives a signal indicative of the cur- 
rent temperature in the DMFC. As described above, temperature in the DMFC may be 
measure directly or indirectly in a variety of ways. At step 902, controller 501 deter- 
mines whether the current temperature is within an optimal temperature range, above 
the range or below the range. If the temperature is within the optimal range or above 

10 the range, controller 501 does not release any methanol through valve 503. Instead, 
controller 501 waits at step 903 for a predetermined period of time before the DMFC's 
temperature is measured again. 

If the current temperature in the DMFC is below the optimal range, controller 
501, at step 904, references a counter or previously stored value to determine how 

15 much methanol has been previously released for increasing the temperature in the 
DMFC. The aggregate amount of methanol that can be released for this purpose is 
preferably limited such that methanol concentration within the DMFC remains within 
an optimal range. Thus, additional methanol will be released at step 905 provided that 
the aggregate limit has not been reached. It should be imderstood that additional con- 

20 trol steps may be added to control the release of methanol. 

It should be understood that at least some of the foregoing embodiments of the 
present invention may be used with direct oxidation fuel cells other than DMFCs. 



What is claimed is: 



wo 02/071520 



PCT/US02/04161 



-10- 
CLAIMS 

1 L A fuel cell system, said system comprising: 

2 an anode, a cathode, and a membrane electrolyte disposed between the anode 

3 and cathode; 

4 a source of air or oxygen coupled to the cathode; 

5 a soxirce of carbonaceoiis fuel; and 

6 a temperature regulation system, coupled to said source of fuel and said anode, 

7 responsive to a temperature of said system such that when said temperature is below a 

8 predetermined temperature or temperature range, said system increases fuel concentra- 

9 tion at said anode to promote fuel cross-over through said membrane, thereby causing 

10 or increasing oxidation of some of said cross-over fuel at said cathode and increasing. 

11 the temperature of said system. 

1 2. The fuel cell system as in claim 1 wherein said temperature regulation system 

2 comprises a temperature sensor for generating a signal indicative of the temperature of 

3 said system. 

1 3. The fuel cell system as in claim 2 wherein said temperature regulation system 

2 further comprises a controller coupled to said sensor and responsive to said signal for 

3 determining whether additional fuel should be provided to said anode to increase the 

4 temperature of said system. 

1 4. The fuel cell system as in claim 3 wherein said temperature regulation system 

2 further comprises a valve, coupled to and responsive to said controller, for varying the 

3 amoimt of fuel provided from said source to said anode. 

1 5. The fuel cell system as in claim 1 wherein temperature regulation system con- 

2 trols fuel concentration in response to an electrical parameter of said fuel cell system 

3 which has a predetermined relationship to the fuel cell system's temperature and a sig- 

4 nal, generated by a controller, that the fuel cell system's temperature is below said pre- 

5 determined temperature or temperature range. 
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1 6. A fuel cell system, said system comprising: 

2 an anode, a cathode, and a membrane electrolyte disposed between the anode 

3 and cathode; 

4 a source of air or oxygen coupled to the cathode; 

5 a source of carbonaceous fuel; and 

6 a temperature regulation system, coupled to said source of fiiel and said cath- 

7 ode, responsive to a temperature of said system such that when said temperature is be- 

8 low a predetermined temperature or temperature range, said system applies fuel directly 

9 into said cathode, thereby causing oxidation of fuel at said cathode and increasing the 

10 temperature of said system, 

u 

1 7. The fuel cell system as in claim 6 wherein said temperature regulation system 

2 comprises a temperature sensor for generating a signal indicative of the temperature of 

3 said system. 

1 8. The fuel cell system as in claim 7 wherein said temperature regulation system 

2 further comprises a controller coupled to said sensor and responsive to said signal for 

3 determining whether additional fuel should be provided to said anode to increase the 

4 temperature of said system. 

1 9, The fuel cell system as in claim 8 wherein said temperature regulation system 

2 further comprises a valve, coupled to and responsive to said controller, for varying the 

3 amount of fuel provided from said source to said anode. 

1 10. The fuel cell system as in claim 6 wherein temperature regulation system con- 

2 trols fuel concentration in response to an electrical parameter of said fuel cell system 

3 which has a predetermined relationship to the fuel cell system's temperature and a sig- 

4 nal, generated by a controller, that the fuel cell system's temperature is below said pre- 

5 determined temperature or temperature range. 

1 11. A fuel cell system, said system comprising: 
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2 



an anode, a cathode, and a membrane electrolyte disposed between the anode 



3 and cathode; 



4 



6 



5 



a soxorce of air or oxygen coupled to the cathode; 
a source of carbonaceous fuel; and 

a temperature regulation system for controlling the fuel cell system's tempera- 



7 ture by controlling delivery of fuel from said source to said anode or cathode, or by 

8 controlling the flow of fuel through a conduit which generates heat by oxidation of at 

9 least some of the fuel flowing through said conduit. 

1 12. The fuel cell system as in claim 10 wherein said temperature regulation system 

2 controls fuel delivery in response to a current or voltage produced by said fuel cell 

3< system and a signal indicating that the fuel cell system's temperature is below a prede- 

4 termined temperature range. 

1 13. A fuel cell system, said system comprising: 

2 an anode, a cathode, and a membrane electrolj^e disposed between the anode 

3 and cathode; 

4 a source of air or oxygen coupled to the cathode; 

5 a source of carbonaceous fuel; and 

6 a conduit for generating heat to raise the fuel cell system's temperature, said 

7 conduit coupled to said fuel source and having an interior sidewall which includes a 

8 catalyst, said sidewall permitting admission of air into said conduit, whereby as fuel 

9 flows through said conduit and across said catalyst, some of said fuel is oxidized. 

1 14. The fuel cell system as in claim 13 wherein said conduit comprises a plurality of 

2 conduit branches, associated valves and a controller, whereby heat generation is in- 

3 creased by controlling the valves to allow fuel to flow through a larger number of 

4 branches and is decreased by restricting said flow to a smaller number of branches. 



1 15. The fuel cell system as in claim 13 further comprising means for controlling the 

2 admission of air into said conduit, thereby controlling the amount of heat generated. 
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1 16. A fuel cell system, said system comprising: 

2 an anode, a cathode, and a membrane electrolyte disposed between the anode 

3 and cathode; 

4 a sovirce of air or oxygen coupled to the cathode; 

5 a source of carbonaceous fuel; and 

6 one or more thermally actuated control valves, coupled to said fuel source, for 

7 controlling the flow of fuel through a conduit, said valve constracted of two or more 

8 different materials, the first material having a relatively low thermal expansion coeffi- 

9 cient and the second material having a relatively high thermal expansion coefficient, 

10 whereby at relatively cold temperatures, said valve is open, and at relatively warm tem- 

11 peratures said valve is closed, 

1 17. A method of controlling temperature in a direct methanol fuel cell system, said 

2 method comprising the steps of: 

3 (1) sensing a temperature in said system; 

4 (2) determining whether the sensed temperature is below a predetermined tem- 

5 perature or temperature range; 

6 (3) when said sensed temperature is not below the predetermined temperature 

7 or range, repeating steps (1) and (2); 

8 (4) when said sensed temperature is below the predetermined temperature or 

9 range, determining how much methanol fiiel has previously been delivered to said sys- 

10 tem for the pxupose of raising the temperature of said system; 

11 (5) when the amoxmt of fuel previously delivered to said system for the purpose 

12 of raising the temperature of the system is less than a predetermined maximum limit, 

13 releasing fuel in such a manner as to cause or increase oxidation of such fuel, thereby 

14 generating heat and raising the temperature of the system. 

1 18. The method as in claim 1 7 wherein in step (5), fuel is released to an anode of 

2 said system to promote fuel cross-over through a membrane electrolyte, thereby caus- 

3 ing or increasing oxidation of some of said cross-over fuel at a cathode and increasing 

4 the temperature of said system. 
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1 19. The method as in claim 17 wherein in step (5), fuel is released to a cathode of 

2 said system, thereby causing or increasing oxidation of fixel at said cathode and in- 

3 creasing the temperature of said system. 

1 20. The method as in claim 1 7 wherein in step (5), fuel is released through a con- 

2 duit, said conduit having an interior sidewall which includes a catalyst, said sidewall 

3 permitting admission of air into said conduit, whereby as fuel flows through said con- 

4 duit and across said catalyst, some of said fuel is oxidized and generates heat. 

1 21 . The method as in claim 20 wherein said conduit comprises a plurality of conduit 

2 branches, associated valves and a controller, whereby heat generation is increased by 

3 controlling the valves to allow fiiel to flow through a larger number of branches and is 

4 decreased by restricting said flow to a smaller number of branches. 

1 22. The method as in claim 20 wherein the admission of air into said conduit is 

2 controlled, thereby controlling the amoxmt of heat generated. 

1 23. A method of controlling temperature in a direct methanol fuel cell system, said 

2 method comprising the steps of: 

3 (1) sensing an electrical parameter in said system, including either current or 

4 voltage, which has a predetermined relationship to said fuel cell system's temperature; 

5 (2) determining whether said fuel cell system's temperature is below a prede- 

6 termined temperature range; 

7 (3) when said temperature is not below said predetermined range repeating 

8 Steps (1) and (2); 

9 (4) when said temperature is below said predetermined range increasing the 

10 amount of fuel introduced to the system. 
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AMENDED CLAIMS 
[received by the International Bureau on 23 August 2002 (23.08.02); 
original claims 1-16 amended ; remaining claims unchanged (5 pages)] 

1 L A direct oxidation fuel cell &y stem, said system comprising; 

2 an anode, a cathode, and a mt'mbiano electrolyte disposed between the anode 

3 and cathode; 

4 a source of air or oxy&cn couj ilcd to the cathode; 

5 a source of carbonaceous fuel ; and 

6 a temperature regulation sysr,t:N.Ti, coupled to said source of fuel and said anode, 

7 responsive to a temperature of said sy3tem such that when said temperature is below a 

8 predetermined temperature or temperature range, said system increases fuel conccntra- 

9 tion at said ajiode to promote fuel cro:^s-ovcr through said membrane, thereby causing 

10 or increasing oxidation ofsomc of saJd cross-ovor fuel at said catliode and incrcasiug 
1 \ the tempcratLire of said system, 

1 2- llie direct oxidation fuel coH .system as in claim 1 wherein said temperature 

2 regiilation system comprises a temperature sensor for generating a signal indicative of 

3 the temperature of said system. 

1 3. The du:ect oxidation fuel coll ^system as in claim 2 wherem said leraporaturc 

2 regulation system furflier comprises &. controller coupled to said sensor and responsive 

3 to said signal for detemiining whether additional fuel should be provided to said aijode 

4 to increase the temperature of said sysiem. 

1 4, The direct oxidation fuel cell system as in claim 3 wherein said temperature 

2 regulation system further comprises a valve, coupled to and responsive to said control- 

3 let, for varying the amount of fuel provided from said source to said anode. 

1 5. The direct oxidation fuel cell system as in cledm I wherein said temperature 

2 regulation system controls fuel concentration in response to an electrical parameter of 

3 said fiiel cell system which has a prcdclermincd relationship to the fuel cell system's 

4 temperature and a signal, generated by a controller, tliat tlic fuel cell system's tern- 

5 peraturc is below said predetermined K^mpcrature or temperature range. 
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1 6. A direct oxidation fuel cell sj'^Leni^ said system comprising: 

2 an anode, a cathode, and a iricmbrane electrolyte disposed between the aaodc 

3 and cathode; 

4 a source of air or oxygen coupled to the cathode; 

5 a source of carbonaceous fuel ; and 

6 a temperature regulation systewn^ coupled to said source of fuel and said cath- 

7 ode, responsive to a temperature of said system such that when said temperature is bc- 

8 low a predetermined temperature or temperature range, said system applies fuel directly 

9 into said cathode, thereby causing oxidation of fuel at said catliode and increasing the 

10 temperature of said system, 

1 7. The direct oxidation fuel cell system as in claim 6 wherein said temperature 

2 regulation system comprises a leraperuiure sensor for generating a signal indicative of 

3 the temperature of s£ud system. 

1 8. The direct oxidation fuel cell system as in claim 7 wherein said temperature 

2 regulation system further comprises a controller coupled to said sensor and responsive 

3 to said signal for determining whether' additional fuel should be provided to said anode 

4 to increase the temperature of said system. 

\ 9. The direct oxidation fuel cell system as in claim 8 wherein said temperature 

2 regulation system further comprises a valve, coupled to and responsive to said control- 

3 ler, for varying the amount of fuel provided from said source to said anode. 

1 10- The direct oxidation fuel cell system as in claim 6 wherein temperature rcgula- 

2 tion system controls fuel concentration in response to an electrical parameter of said 

3 fuel cell system which has a predetermined relationship to the fuel cell sy$tem's teu> 

4 peralure and a signal, generated by a controlJer, that the luel cell system's temperature 
s is below said predetermined temperature or temperature range, 

I 1 L A direct oxidation fuel cell sy c;t»-MTi, said system comprising: 
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an anode, a cathode, and a mt mbrane electrolyte disposed between the anode 
and cathode; 

a source of air or oxygen couplec} to the cathode; 
a source of carbonaceous fuel; and 

a temperature regulation sy$tOin for controlling the fuel cell system's lenipcra- 
ture by controlling delivery of fiiel fnmi .said source to said anode or catliode, or by 
controlling the flow of fuel through a conduit which generates heat by oxidation of at 
least some of the fuel flowing througli said conduit. 

12. The direct oxidation fiicl cell system as in claim 10 wherein said tempcraluvc 
regulation system controls fuel dolivory in response to a current or voltage produced by 
said fuel cell system and a signal indioaling that the fuel cell system*s temperature i$ 
below a jiredetcnnined temperature raago, 

13. A direct oxidation fuel cell system, said system compriising: 

an anode, a cathode, and a membrane electrolyte disposed between the anode 
and cathode; 

a source of air or oxygen coupled to the cathode; 
a source of carbonaceous fuel; and 

a conduit for generating heat to raise tlie fuel cell system's temperature, said 
conduit coupled to said fuel source and having an interior sidewall which includes a 
catalyst, said sidewall permitting admission of air into said conduit, whereby as fuel 
flows through said conduit and across ?iaid catalyst, some of said fuel is oxidized, 

14. The direct oxidation fuel cell system as in claim 13 wherein said conduit com- 
prises a plurality of conduit branches, associated valves and a controller, whereby heat 
generation is increased by controlling the valves to allow fuel to flow through a larger 
number of branches and is decreased by restricting said flow to a smaller number of 
branches. 
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1 15. The direct oxidation fuel cell nysicm as in claim 13 fuithcr comprising means 

2 for controlling the admission of air into said conduit, thereby controlling the amount of 

3 heat generated. 

1 16, A direct oxidation fuel cell sy.stem, said system comprising: 

2 an anodcj, a cathode, and a membrane clecti'olyte disposed betweeji the anode 

3 and cathode; 

4 a source of air or oxygen coupled lo the cathode; 

5 a source of carbonaccons fuel; and 

6 one or more thermally actuated control valves, coupled to said fuel Source, for 

7 controlling the flow of fuel throxigh a conduit, said valve constructed of tw^o or more 
different materials^ the first material having a relatively low thermal expansion coefti- 

9 cient and the second material having Ci relatively high thermal expansion coefficient, 

10 whereby at relatively cold temperatur.^s, said valve is open, and at relatively warm tern- 

1 1 peratures said valve is closed. 

1 17. A method of controlling temperature in a direct metlranol fuel cell system, said 

2 method comprising the steps of: 

3 (1) sensing a temperature in swid system; 

4 (2) determining whether the sensed temperature is below a predetermined tem- 

5 peraturc or temperature range; 

6 (3) when said sensed temperature is not below the predetermined temperature 

7 or range, repeating steps (1 ) and (2); 

8 (4) when said sensed temperature is below the predetermined temperature or 

9 range, determining how much methanol fuel has previously been delivered to said sys- 

10 tern for the purpose of raising the tetnperatute of said system; 

\ 1 (5) when the amount of fiiel previously delivered to said system for the purpose 

12 of raising the temperature of the systetw is less than a predetermined maximum limit, 
n releasing fuel in such a manner as to ciiusc or increase oxidation of such fuel, thereby 
14 generating heat and raising the temperature of the system. 
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\ 18. The method as in claim 17 wherein in step (5), fuel is released to an anode of 

2 said system to promote fhel cross-over through a membrane electrolyte, thereby caus- 

3 ing or increasing oxidation of some of said cross-over fuel at a cathode and iocreasing 

4 the temperature of said system. 

1 19. The method as in claim 1 7 wlicrein in step (5), ftiel is released to a cathode of 

2 said system, thereby causing or increasing oxidation of fuel at said cathode aiid in- 

3 creasing the temperature of said system . 

1 20. The method as in claim 17 wherein in step (5), fuel is released through a con- 

2 duit, said conduit having an interior sidewal] which includes a catalyst, said sidewall 

3 permitting admission of air into said coiidaitj whereby as fueJ flows tlirough said con- 

4 duit and across said catalyst, some of said fuel is oxidized and generates heat. 

1 21. The method as m claim 20 wh».^rei n said conduit comprises a plurality of conduit 

2 branches^ associated valves and a conirollcTj whereby heat generation is increased by 

3 controlling the valves to allow fuel to flow through a larger number of branches and is 

4 decreased by restricting said flow to a smaller niunber of branches. 

1 22. The method as in claim 20 wherein tlic adniission. of air into said conduit is 

2 controlledj thereby controlling the amount of heat generated. 

1 23 . A method of controlling temiwaturc itx a direct methanol fuel cell system , said 

2 method comprising the steps of: 

3 (1) sensing an electrical parameter m said system, including either current or 

4 voltage, which has a predetermined relationship to said fuel cell system's temperature; 

5 (2) determining whether said fuel cell system*$ temperature is below a predc- 

6 termined temperature range; 

7 (3) when said temperature is not below said predetermined range repeating 

8 Steps (1) and (2); 

9 (4) when said temperature is b^low said predetermined range increasing the 

10 amount of fuel -introduced to the system. 
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